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There are two crystallograpically independent molecules in 
the asymmetric unit of the title bischalcone derivative, 
C25H32N2O. Both molecules are twisted with a dihedral angle 
between the two substituted benzene rings of 11.19 (16)° in 
one molecule and 14.40 (15)° in the other. The central penta- 
l,4-dien-3-one fragments make dihedral angles of 8.49 (17) 
and 4.26 (17)° with the two adjacent benzene rings in one 
molecule, whereas the corresponding values are 8.42 (16) and 
6.18 (16)° in the other. In the crystal, molecules are arranged 
into chains along the c-axis direction. Adjacent chains are 
inter-linked by weak intermolecular C— H- ■ O interactions. 
The crystal is further stabilized by C— H- ■ jt interactions. 

Related literature 

For bond-length data, see: Allen et al. (1987). For related 
structures, see: Fun et al. (2010); Harrison et al. (2006); 
Ruanwas et al. (2011). For background to and applications of 
bischalcones, see: Barnabas et al. (1992); Makarov et al. (2012); 
Shibata et al. (2009); Wanare et al. (2010); Weber et al. (2005); 
Zhao et al. (2010) 




Experimental 

Crystal data 

C 25 H 32 N 2 0 
M r = 376.53 
Monoclinic, P2i/c 
a = 10.4290 (4) A 
b = 40.4773 (16) A 
c = 10.8087 (5) A 
B = 100.2621 (13)° 

Data collection 

Bruker APEXII D8 Venture 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
7U, = 0.972, r max = 0.977 

Refinement 

R[F 2 > 2a(F 2 )} = 0.083 
W R(F 2 ) = 0.270 
S = 1.03 

10289 reflections 



V = 4489.8 (3) A 3 
Z = 8 

Mo Ka radiation 
/x = 0.07 mm -1 
T = 296 K 

0.42 x 0.38 x 0.34 mm 



79317 measured reflections 
10289 independent reflections 
5710 reflections with / > 2o(I) 
R in . = 0.037 



501 parameters 

H-atom parameters constrained 
A/w = 0.73 e A~ 3 
APmM = -0-50 e A -3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg3 and Cg4 are the centroids of the C1B-C65 and C12B-C17B rings, 
respectively. 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C8B-H&BA- ■ OIB' 


0.93 


2.59 


3.479 (4) 


160 


C16A—H16A- ■ Cg3 u 


0.93 


2.91 


3.758 (4) 


152 


C2L4-H2L4- ■ ■Cg4 ia 


0.96 


2.79 


3.541 (5) 


136 


Symmetry codes: (i) x, — v - 




-x + l,v + |, 


-z + f; (iii) j: - 


h l,y+ l.z. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: Mercury (Macrae et al, 
2006); software used to prepare material for publication: SHELXTL, 
PLATON (Spek, 2009), Mercury (Macrae et al., 2006) and publCIF 
(Westrip, 2010). 
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(1f,4f)-1,5-Bis[4-(diethylamino)phenyl]penta-1,4-dien-3-one 

Pumsak Ruanwas, Suchada Chantrapromma, Hazem A. Ghabbour and Hoong-Kun Fun 

1. Comment 

Mono-carbonyl analogues of curcumin are an important class of compounds due to their variety of properties. For 
example these compounds exhibit anti-inflammatory (Zhao et al, 2010), antimalarial (Wanare et al, 2010), antitumor 
(Shibata et al, 2009) and anti-oxidant properties (Weber et al, 2005). They also act as dye sensitizers (Barnabas et al, 
1992) and fluorescence agents (Makarov et al, 2012). These analogues were designed to counteract some of the 
disadvantageous properties of curcumin such as its poor bioavailability and instability in neutral to basic conditions. We 
have previously reported the crystal structures of (l£',4£')-l,5-bis(2,4,5-trimethoxyphenyl)penta-l,4-dien-3-one (I) (Fun 
et al, 2010) and (l£',4£')-l,5-bis(2,4,6-trimethoxyphenyl)penta-l,4-dien-3-one (II) (Ruanwas et al, 2011). The title 
compound (III) is one of the mono-carbonyl analogues of curcumin designed and synthesized by our group to study anti- 
tyrosinase activity and its fluorescence properties. It was found that the title compound exhibits fluorescence properties 
with an orange fluorescence color which will be reported elsewhere with its closely related compounds, it also possesses 
anti-tyrosinase activity by the dopachrome method with an IC 5 o value of 0.018 mg ml" 1 . We reported herein the crystal 
structure of (III). 

There are two crystallographically independent molecules A and B in the asymmetric unit of (III) (Fig. 1) with the same 
conformation but slight differences in bond angles. The molecular structure of (III), C25H32N2O is unsymmetrical and 
twisted. The dihedral angle between the C1-C6 and C12-C17 benzene rings is 11.19 (16)° in molecule^ (Fig. 2a) 
whereas it is 14.40 (15)° in molecule B. The central penta-l,4-dien-3-one unit (C7-C11/01) is planar with r.m.s. 
deviations 0.0463 (3) and 0.0357 (3) A for molecules A and B, respectively. The mean plane through this central unit 
makes dihedral angles of 8.49 (17) and 4.26 (17)° with the two adjacent C1-C6 and C12-C17 benzene rings, respectively 
in molecule A whereas the corresponding values are 8.42 (16) and 6.18 (16)° in molecule B, The two ethyl groups of each 
diethylamino substituent in both molecules A and B deviate from the molecular plane and point to opposite sides of the 
molecule to reduce the steric hindrance between them with the torsion angles C3-N1— C18-C19 = 104.1 (5)°, C3-N1- 
C20-C21 = 79.5 (5)°, C15-N2-C22-C23 = 106.8 (6)° and C15-N2-C24-C25 = 75.1 (6)° in molecule^. The 
corresponding values are 96.1 (4), 79.9 (4), 90.3 (4) and 97.6 (5)° in molecule B. The bond distances are in normal ranges 
(Allen et al, 1987) and are comparable with those found in related structures (Fun et al, 2010; Harrison et al, 2006 and 
Ruanwas et al, 201 1). 

In the crystal packing (Fig. 2), the molecules are arranged into chains along the c axis and the adjacent chains are 
further linked by weak C — H— O interactions (Table 1). The crystal is further stabilized by weak intermolecular C — H—n 
interactions (Table 1). Interestingly there are only one C — H--0 and two C — H—n interactions stabilising the structure of 
(III). This contrasts sharply with the packing for (I) and (II) where significantly more weak C — H— O and C — H-zr 
interactions were observed (Fun et al, 2010 and Ruanwas et al, 2011). 
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2. Experimental 

The title compound was synthesized by mixing 4-diethylaminobenzaldehyde (0.90 g, 6 mmol) and acetone (0.25 ml, 3 
mmol) in ethanol (30 ml). 30% NaOH aqueous solution (5 ml) was then added and the mixture was stirred at room 
temperature for 2 h, The resulting orange solid obtained was collected by filtration, washed with distilled water and dried. 
Orange block-shaped single crystals of the title compound were grown in ethanol by slow evaporation, Mp. 440^-41 K. 

3. Refinement 

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with d(C — H) = 0.93 A for 
aromatic and CH; 0.96 A for CH 3 atoms. The Ui SO values were constrained to be 1.5(7 eq of the carrier atom for methyl H 
atoms and l.2U eq for the remaining H atoms. A rotating group model was used for the methyl groups. The same Ug 
parameters were used for atom pairs N1A/C18A and N2B/C22B. 




Figure 1 

The molecular structure of the title compound, drawn with 30% probability displacement ellipsoids and the atom- 
numbering scheme. 




Figure 2 

Intermolecular hydrogen bonding interactions in the title compound viewd appoximately along the a axis, showing chains 
along the c axis. Hydrogen bonds are shown as dashed lines. 

(1f,4f)-1,5-Bis[4-(diethylamino)phenyl]penta-1,4-dien-3-one 



Crystal data 

C 2 5H 32 N 2 0 
M r = 376.53 



Monoclinic, P2\lc 
a = 10.4290 (4) A 
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ft = 40.4773 (16) A 




Mo Ka radiation, 1 = 0.71073 A 


c= 10.8087 (5) A 




Cell parameters from 10289 reflections 


^= 100.2621 (13)° 




(9 = 2.2-27.5° 






— (\ at ™™-l 

ju — v.vj i inn i 


Z= 8 




T=296 K 


7^(000) = 1632 




Block, orange 


Z) x = 1.114 Mg nT 3 




0.42 x 0.38 x 0.34 mm 


Melting point = 440-441 K 






Data collection 






Broker APEXII D8 Venture 




10289 independent reflections 


diffractometer 




5710 reflections with I > 2o<7) 


<p and m scans 




Rm = 0.037 


Absorption correction: multi-scan 




f) — 97 ^° f) — 1 9° 

'-'max ^ ' •~ J i '-'rtiin 


(SADABS; Broker, 2009) 




A = -13->13 


7^ = 0.972,7^ = 0.977 




k= -52^52 


793 17 measured reflections 




/ = -14_>10 


Refinement 






Refinement on F 2 




Secondary atom site location: difference Fourier 


Least-squares matrix: full 




map 


7?[F > 2(t(7^)] = 0.083 




Hydrogen site location: inferred from 


wRiF 1 ) = 0.270 




neighbouring sites 


S = 1.03 




H-atom parameters constrained 


10289 reflections 




w = 1/K7V) + (0.1077 3 ) 2 + 2.8109P] 


501 parameters 




where P = (F a 2 + 2F 2 )/3 


0 restraints 




(A/<r) max = 0.001 


Primary atom site location: structure-invariant 


Ap max = 0.73 e A" 3 


direct methods 




Ap mm = -0.50 e A" 3 


Special details 






Geometry. All e.s.d.'s (except the e.s.d. in the dihedral 


angle between two l.s. planes) are estimated using the full 


covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 


torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 


An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving Is. planes. 


Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 


X 


y 


z U */U 


OlA 0.1268 (2) 


0.96078 (6) 


0.7957 (3) 0.1055 (9) 


N1A 0.4981 (3) 


1.14078 (9) 


0.9984(4) 0.1106(9) 


N2A 0.3434 (3) 


0.78543 (9) 


0.4536 (4) 0.1131 (12) 


CIA 0.2678 (3) 


1.07418 (8) 


0.9275 (3) 0.0696 (8) 


H1AA 0.1786 


1.0713 


0.9230 0.084* 


C2A 0.3180(3) 


1.10444 (8) 


0.9626(3) 0.0713 (8) 


H2AA 0.2637 


1.1211 


0.9826 0.086* 


C3A 0.4464 (3) 


1.11050(7) 


0.9686 (3) 0.0664 (7) 


C4A 0.5193(3) 


1.08345 (8) 


0.9393 (3) 0.0717 (8) 


H4AA 0.6082 


1.0863 


0.9418 0.086* 


C5A 0.4671 (3) 


1.05332 (8) 


0.9075 (3) 0.0661 (8) 


H5AA 0.5215 


1.0362 


0.8917 0.079* 


C6A 0.3383 (3) 


1.04736 (7) 


0.8981 (3) 0.0584 (7) 


C7A 0.2772 (3) 


1.01645 (8) 


0.8583 (3) 0.0656 (8) 
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-0.010 (2) 


C17A 
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N2B— C15B 
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N2B— C22B 
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1.451 (4) 


C7A- 


-C8A 


1.331 (4) 




C7B— C8B 




1.332 (4) 


C7A- 


-H7AA 


0.9300 




C7B— H7BA 




0.9300 


C8A- 


-C9A 


1.451 (4) 




C8B— C9B 




1.475 (4) 


C8A- 


-H8AA 


0.9300 




C8B— H8BA 




0.9300 


C9A- 


-C10A 


1.456 (5) 




C9B— C10B 




1.478 (4) 


C10A- 


-C11A 


1.322(4) 




C10B— CUB 




1.336 (4) 


C10A- 


-HI OA 


0.9300 




C10B— H10B 




0.9300 


C11A- 


-C12A 


1.440 (5) 




CUB— C12B 




1.458 (4) 


C11A- 


-H11A 


0.9300 




cub— hub 




0.9300 


C12A- 


-C17A 


1.361 (4) 




C12B— C13B 




1.390 (4) 


C12A- 


-C13A 


1.378 (4) 




C12B— C17B 




1.453 (4) 
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P 1 O A pi y| A 

L13A — L14A 


1 O T A 

1.374 (5) 


pi on pi /in 

L13B — L14B 


1 O T A ( A \ 

1.374 (4) 


f • 10A tti T » 

C13A — H13A 


A AO A A 

0.9300 


P 1 o n T T 1 O 

C13B — H13B 


A AT AA 

0.9300 


P 1 /I A PICA 

C14A — C15A 


1 O PI s c\ 

1.362 (5) 


C14B — C15B 


1.457 (4) 


yl A TT1 A A 

C14A — H14A 


A AO A A 

0.9300 


C14B — H14B 


A m A A 

0.9300 


C15A — C16A 


1 OA£ /r\ 

1.396 (5) 


C15B — C16B 


1 A 1 O /A \ 

1.413 (4) 


C 1 6 A — C 1 7 A 


1.362 (5) 


p 1 /" r> p 1 i r") 

C16B — C17B 


1 O 1 yl / /I \ 

1.374 (4) 


P 1 £ A TTI Z" A 

C16A — H16A 


A AO AA 

0.9300 


pi /"n t t 1 /"n 

C16B — H16B 


A m AA 

0.9300 


f ' 1TA TTI i » 

C17A — H17A 


A AO A A 

0.9300 


p 1 nn tti nn 

C17B — H17B 


A AO AA 

0.9300 


P 1 O A P 1 A A 

L 1 o A — L 1 9 A 


1 IOC P7\ 

1.385 (7) 


p 1 on p 1 An 

L18B — L19B 


1 /in 

1.423 (6) 


P 1 O A TT10A 

L18A — H18A 


A HIAA 

0.9700 


p 1 on TTIOP 

LloB — HlsL 


A A "7 A A 

0.9700 


p 1 o a t t 1 on 

C18A — H18B 


A AT AA 

0.9700 


p 1 on tti on 

C18B — H18D 


A AT A A 

0.9700 


C19A — H19A 


0.9600 


P 1 An TT 1 ATT\ 

C19B — H19D 


0.9600 


p i a a T T 1 An 

L19A — H19B 


A AzTAA 

0.9600 


P 1 An TT 1 AT? 

L19B — HI 9b 


A A/TAA 

0.9600 


p i A 1 T T 1 AP 

C19A — H19C 


A APAA 

0.9600 


P 1 An TT 1 AT" 

C19B — H19F 


A A/'AA 

0.9600 


PIO A A P" O 1 * 


1.547 (7) 


poAn po 1 n 

C20B — C21B 


1.453 (5) 


POA A TT1A A 

LzUA — HzOA 


0.9700 


POAn TTOAP 

LzOB — HzUL 


A ATAA 

0.9700 


POA A T TO ATI 

LzUA — HzOB 


A HIAA 

0.9700 


POAn ttthh 

LzOB — HzUU 


A ATAA 

0.9700 


PI 1 A TTI 1 A 

C21A — H21A 


A A/'AA 

0.9600 


PO 1 n T TO 1 T""\ 

C21B — H21D 


A A/'AA 

0.9600 


P01 A TT^m 

C21A — H21B 


0.9600 


p o 1 n tti 1 r 

C21B — H21E 


0.9600 


PH a TTI 1 P 

LzlA — HzlL 


A A/TAA 

0.9600 


PO 1 n TT01T7 

LzlB — Hzlr 


A A/TAA 

0.9600 


POO A POO A 

LzzA — Lz3A 


i a An /n\ 

1.447 (7) 


poon poon 

LzzB — LziB 


1.412 (5) 


POO A TTOO A 

LzzA — HzzA 


A ATAA 

0.9700 


poon TTOOP 

LzzB — HzzL 


A AT A A 

0.9700 


POO A TTOOTi 

C22A — H22B 


A AT AA 

0.9700 


poon TTOOT"\ 

C22B — H22D 


A AT A A 

0.9700 


POO A TTOO A 

C23A — H23A 


0.9600 


POOn TTO")T"\ 

C23B — H23D 


0.9600 


C23A — H23B 


a az:aa 

0.9600 


POOn TTOIT? 

LziB — Hz 3 b 


A A/^AA 

0.9600 


POO A TTOIP 

C23A — H23C 


0.9600 


POOn TTOTT 1 

C23B — H23F 


0.9600 


C24A— C25A 


1.528 (7) 


C24B— C25B 


1.440 (6) 


C24A— H24A 


0.9700 


C24B— H24C 


0.9700 


PO A A T TO A r> 

Lz4A — Hz4B 


A AT A A 

0.9700 


POyin TTI /IF\ 

Lz4B — Hz4D 


A AT A A 

0.9700 


POC A TT1C A 

C25A — H25A 


0.9600 


pocn TTirn 

C25B — H25D 


0.9600 


pi O r A TTOCTi 

C25A — H25B 


0.9600 


pocn TTOCI -1 

C25B — H25E 


0.9600 


C25A — H25C 


A A C Pi Pi 

0.9600 


C25B — H25r 


A A/CAA 

0.9600 


PO A \T| A POA A 

C3A — N1A — C20A 


1 O 1 O /") \ 

121.3 (3) 


p o n xt 1 n p 1 on 

C3B — NIB — C18B 


1 1 A A /") \ 

119.0 (3) 


PO A XT1 A P1 O A 

C3A — NIA — C18A 


1 O 1 A /O \ 

121.9 (3) 


p o n xt 1 n p o An 

C3B — NIB — C20B 


1 O 1 A /ON 

121.9 (2) 


PO A A Ml A P10A 

C20A — N 1 A — C 1 8 A 


1 1 o o /o \ 

113.8 (3) 


p 1 on xt 1 n POAn 

C 1 8B — N 1 B — C20B 


1 1 T /" /O \ 

117.6 (3) 


P 1 C A TV TO A PO A A 

C15A — N2A — C24A 


1 O 1 o \ 

121.2 (3) 


pi cn XTon poon 

C 1 5B — N2B — C22B 


1 1 A T /") \ 

119.7 (3) 


P1 C A XTO A POO A 

L15A — NzA — LzzA 


1 O 1 T { A \ 

\2i.l (4) 


pi cn XTon POyin 

L 1 5B — NzB — Lz4B 


123.6 (3) 


PO/1 A XTO A POO A 

C24A — N2A — C22A 


11/1 A / A \ 

114.0 (4) 


poon XTon p o a n 

C22B — N2B — C24B 


116.5 (3) 


PO A P1 A PP A 

C2A — CIA — C6A 


1 O C A ZO\ 

125.4 (3) 


pon pin p/"n 

C2B — C 1 B — C6B 


1 O 1 1 /O \ 

121.1 (3) 


POA P1A TT1AA 

Lz A — L 1 A — H 1 AA 


117.3 


pon pin Tim a 

LzB — L 1 B — H 1 B A 


1 1 A /I 

119.4 


p / a p 1 a TT1 A A 

L 6 A — L 1 A — H 1 A A 


117.3 


p/rn pin ttiti a 

L6B — L 1 B — H 1 B A 


1 1 A A 

119.4 


PO A PO A P1 A 

C3A — C2A — CIA 


1 O A yl /") \ 

120.4 (3) 


pin pon pon 

C1B — C2B — C3B 


121.5 (3) 


C3A — CzA — H2AA 


1 1 A O 

119.8 


C 1 B — C2B — HzB A 


1 in T 

119.3 


CIA— C2A— H2AA 


119.8 


C3B— C2B— H2BA 


119.3 


C2A— C3A— NIA 


121.7(3) 


NIB— C3B— C4B 


119.8 (3) 


C2A— C3A— C4A 


114.8(3) 


NIB— C3B— C2B 


122.3 (3) 


NIA— C3A— C4A 


123.5 (3) 


C4B— C3B— C2B 


117.9(3) 


C5A— C4A— C3A 


123.4 (3) 


C5B— C4B— C3B 


119.7(3) 
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p < C A P ,1 A TT/I A A 

C5A — C4A — H4AA 


HOT 

118.3 


/~1 ~t \ /~1 A A TT A A A 

C3A — C4A — H4AA 


118.3 


/"* £ A C A /"MA 

C6A — C5A — C4A 


122.0 (3) 


r~" £. a r^c A ITC A A 

C6A — C5A — H5AA 


1 1 A A 

119.0 


A A /~"C A TTC A A 

C4A — C5A — H5AA 


1 1 A A 

119.0 


p < r a p ' p- * p ■< -1 * 

C5A — C6A — CIA 


1 1 >) A PO \ 

113.9 (3) 


r a P " p * /in a 

C5A — C6A — C7A 


1 O A 1 /") \ 

124.1 (3) 


P • 1 * P "• /" A p < -7 * 

CIA — C6A — C7A 


1 1 1 A /") \ 

121.9 (3) 


/"<0 A f~^H A /" * p A 

CoA — C7A — CoA 


133.1 (3) 


f~^0 A A TT1 A A 

Co A — C7A — H7AA 


1 1 O /I 

113.4 


p p \ nn a t th a A 

C6A — C7A — H7AA 


i n a 

113.4 


/~"7 A /" "■" O A /"'A A 

C7A — C8A — C9A 


123.0 (3) 


C7A — Co A — HbAA 


1 1 O aT 

118.5 


PA A PO A TTO A A 

C9A — C8A — H8AA 


1 1 O C 

118.5 


/~\ 1 A P " P\ A p • o A 

OlA — C9A — C8A 


1 1 O A /I \ 

118.9 (3) 


P^y -1 A /~1 (\ A /" * 1 A A 

0 1 A — C9 A — C 1 OA 


1 O A ^ \ 

120.5 (3) 


/'-'OA PA A P 1 A A 

CoA — C9A — C10A 


120.6 (3) 


p 1 1 a r"i a a pa a 

C11A — CI OA — C9A 


124.5 (3) 


P 1 1 A /" 1 f\ A f T1 A A 

C11A — CI OA — H10A 


117.7 


pi (\ a /"" i pi a TT1AA 

C9A — LI OA — HI OA 


linn 

117.7 


P 1 A A pil A /"* 1 O A 

C10A — CllA — ClzA 


ill O /") \ 

131.8 (3) 


/-iiAA rill A TT11A 

C10A — CllA — H11A 


1 1 /I 1 

1 14. 1 


p • i <-> a p 11A TT11A 

C12A — CllA — H11A 


114.1 


PITA P 1 1 A /""MIA 

C17A — ClzA — C13A 


113.0 (3) 


PITA nn a r<1 1 A 

C17A — ClzA — CllA 


123.9 (3) 


C13A — C12A — CllA 


123.1 (3) 


r * AAA f~i 1 "1 A / 1 ^ A 

C14A — C13A — C12A 


124.8 (3) 


pi /I A Z" 1 1 T A TT1 T A 

C 14A — C 1 J A — H 1 3 A 


in/ 

117.6 


/"* 1 O A Z" 1 1 O A TT1 T A 

ClzA — CI JA — HI 3 A 


in/ 

117.6 


p < i c A /' 1 1 a a /" " 1 O A 

C15A — C14A — C13A 


121.9 (3) 


p • i c A /' 1/lA TT1/1A 

C15A — C14A — H14A 


119.1 


1 A 1 /I A TTi (1 » 

C13A — C14A — H14A 


1 1 n 1 
119.1 


yi 1 /"MCA A 

C 1 4 A — C 1 5 A — JN 2 A 


123.1 (3) 


r~\ i a a /"~1 1 ^ A /~i 1 /" A 

C14A — C15A — C16A 


113.4 (3) 


N2A — C 1 5 A — C 1 6A 


123.5 (3) 


C17A — C16A — C15A 


123.8 (3) 


Z" 1 1 T A n £ A Til £ A 

C17A — C16A — H16A 


1 1 O 1 

118.1 


p < 1 C A /" 1 l/'A TTi p A 

C15A — C16A — H16A 


118.1 


p < 1 1 A p~1 1 rr a P "* 1 /" A 

C12A — C17A — C16A 


1 A1 1 /I \ 

123.1 (3) 


P 1 O A P 1 -7 A TT1H A 

C12A — C17A — H17A 


hoc 

118.5 


pii /; A pn a TTi n A 

CloA — C17A — H17A 


1 1 o c 

118.5 


p • i pi a p 1 1 O A XT 1 A 

C19A — CloA — N1A 


101.9 (5) 


p 1 A A P 1 O A TT10A 

C19A — CloA — HloA 


111 A 

111.4 


N1A— C18A— H18A 


111.4 


C19A— C18A— H18B 


111.4 


N1A— C18A— H18B 


111.4 


H18A— C18A— H18B 


109.3 


C18A— C19A— H19A 


109.5 


C18A— C19A— H19B 


109.5 



pr n pi^iTi TT/in a 

C5B — C4B — H4BA 


120.1 


C3B — C4B — H4BA 


120.1 


p t a r - * prn p ' p r> 

C4B — C5B — C6B 


122.5 (3) 


p • /I T""i pirn TTfn A 

C4B — C5B — H5BA 


1 1 O O 

118.8 


p ' p r> pr n TTf 71 A 

C6B — C5B — H5BA 


118.8 


CIB — C6B — C5B 


1 1 "7 1 /^> \ 

117.3 (3) 


CIB — C6B — C7B 


1 1 o n /*) \ 

118.7 (3) 


C5B — C6B — C7B 


1 !~\ a r\ /i \ 

124.0 (3) 


POTl pan p -• / T"i 

C8B — C7B — C6B 


1 A/ 1 /■-) \ 

126.3 (3) 


pion p < -7 p-> i n T"i a 

C8B — C7B — H7BA 


H6.9 


p/Ti p < -7 p-> i n T"i a 

C6B — C7B — H7BA 


1 1 / A 

116.9 


pnrj POTl PAT) 

C7B — C 8B — C9B 


1 O A C /") \ 

120.5 (3) 


(~'~it) pon ttot) a 

C7B — Cob — H8BA 


1 1 A *7 

119.7 


/^An /"iOT~i TTOA A 

C9B — C8B — H8BA 


119.7 


OIB — C9B — C8B 


1 !~t !~t O /I \ 

122.8 (3) 


0 1 B — C9B — C 1 0B 


123.0 (3) 


pnn pati pi An 

C8B — C9B — CI 0B 


114.2 (3) 


C 1 1 B — C 1 0B — C9B 


1 O A C /7\ 

120.5 (3) 


CUB — ClOB — H10B 


119.7 


pAn pi 1 pv"n TT1 I \ Vt 

C9B — C 1 0B — H 1 0B 


119.7 


p < 1 p\T» P 1 1 T) P 1 OT~l 

ClOB — CUB — C12B 


1 An c /") \ 

127.5 (3) 


P 1 AH P 1 1 T~» T T 1 1 T~"l 

ClOB — CUB — HUB 


116.2 


C12B — CUB — HUB 


116.2 


P 1 1 T~"> P 1 O Tl P 1 TF1 

C13B — C12B — C17B 


116.4 (3) 


pnn pnn piit> 

C13B — C12B — CUB 


1 1 A 1 /") \ 

119.1 (3) 


C17B — C12B — CUB 


124.5 (3) 


C14B — C13B — C12B 


121.5 (3) 


P 1 /I T~"» P 1 T~i TT1 1 T~l 

C14B — C13B — H13B 


119.2 


piot» pi in tti in 

C12B — C13B — H13B 


1 1 A A 

119.2 


C13B — C14B — C15B 


121.9 (3) 


C13B — C14B — H14B 


119.1 


pi rn pi An tti /in 

C15B — C14B — H14B 


1 1 A 1 

119.1 


\nn f ' 1 m pi/"n 

N2B — C 1 5B — C 1 6B 


i i a n /-) \ 

119.7 (3) 


N2B — C 1 5B — C 1 4B 


123.0 (3) 


C16B — C15B — C14B 


1 1 T O /I \ 

117.2 (3) 


p 1 Tn p 1 /n p 1 ^n 

C 1 7B — C 1 6B — C 1 5B 


119.5 (3) 


P 1 1 Ti P 1 / T~T T T 1 / FT 

C 1 7B — C 1 6B — H 1 6B 


120.3 


i 1 ^ TP* /11 /-"TP! TT1 /"n 

C 1 5B — C 1 6B — H 1 6B 


120.3 


C 1 6B — C 1 7B — C 1 2B 


1 i ^> ^ /^> \ 

123.5 (3) 


p 1 /~n p 1 ~7 ri t t 1 ~ ? ri 

C 1 6B — C 1 7B — H 1 7B 


118.3 


p 1 o n p 1 "7 t~t t t 1 i r> 

C 1 2B — C 1 7B — H 1 7B 


118.3 


f- 1 p\T* y^l 1 OTP* \T1 TP* 

C19B — C18B — NIB 


112.0 (4) 


p 1 An p 1 o n t t 1 o p 

C 1 9B — C 1 8B — H 1 8C 


109.2 


NIB— C18B— H18C 


109.2 


C19B— C18B— H18D 


109.2 


NIB— C18B— H18D 


109.2 


H18C— C18B— H18D 


107.9 


C18B— C19B— H19D 


109.5 


C18B— C19B— H19E 


109.5 
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109.1 
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109.5 
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— H22B 
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— H22B 
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H23A— C23A- 
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109.5 


H19D — C19B- 


— H19F 


109.5 
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109.1 
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— H20D 
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— H21D 
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— H21E 


109.5 
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— H22D 


108.2 


C22B — C23B- 


— H23D 


109.5 


C22B — C23B- 


— H23E 


109.5 


H23D — C23B- 


— H23E 


1 AA C 

109.5 


C22B — C23B- 


— H23F 


109.5 


H23D — C23B- 


— H23F 


109.5 


H23E — C23B- 


— H23F 


109.5 


C25B — C24B- 


— N2B 


11/1 C / A \ 

114.5 (4) 


C25B — C24B- 


— H24C 


108.6 


N2B — C24B— 


-H24C 


108.6 


C25B — C24B- 


— H24D 


108.6 


N2B — C24B— 


-H24D 


1 no /" 

108.6 


H24C — C24B- 


— H24D 


107.6 


C24B— C25B- 


-H25D 


109.5 


C24B— C25B- 


-H25E 


109.5 


H25D— C25B- 


-H25E 


109.5 


C24B— C25B- 


-H25F 


109.5 


H25D— C25B- 


-H25F 


109.5 


H25E— C25B- 


-H25F 


109.5 



C6B— C1B— C2B— C3B 0.4 (5) 

C18B— NIB— C3B— C4B 170.2 (3) 

C20B— NIB— C3B— C4B 4.4 (4) 

C18B— NIB— C3B— C2B -10.3 (4) 

C20B— NIB— C3B— C2B -176.1 (3) 

C1B— C2B— C3B— NIB 179.5 (3) 

C1B— C2B— C3B— C4B -1.0(4) 

NIB— C3B— C4B— C5B 179.8 (3) 
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N1A— 


-C3A— C4A— C5A 


-178.9 (3) 




C2B— C3B— C4B— C5B 


0.3 (4) 


C3A- 


-C4A— C5A— C6A 


2.0(5) 




C3B— C4B— C5B— C6B 


0.9 (4) 


C4A- 


-C5A— C6A— CIA 


-2.0 (4) 




C2B— C1B— C6B— C5B 


0.7 (4) 


C4A- 


-C5A — C6A — C7A 


176.5 (3) 




C2B— C1B— C6B— C7B 


-179.4 (3) 


C2A- 


-CIA— C6A— C5A 


0.4 (5) 




C4B— C5B— C6B— C1B 


-1.4 (4) 


C2A- 


-CIA— C6A— C7A 


-178.2 (3) 




C4B— C5B— C6B— C7B 


178.7 (3) 


C5A- 


-C6A— C7A— C8A 


-2.1 (5) 




C 1 B— C6B— C7B— C8B 


-178.7 (3) 


C1A- 


-C6A— C7A— C8A 


176.2 (3) 




C5B— C6B— C7B— C8B 


1.1 (5) 


C6A- 


-C7A— C8A— C9A 


-179.9 (3) 




C6B— C7B— C8B— C9B 


178.9 (3) 


C7A- 


-C8A — C9A — 01 A 


-4.7 (5) 




C7B— C8B— C9B— OIB 


8.3 (5) 


C7A- 


-C8A — C9A — CI OA 


174.3 (3) 




C7B— C8B— C9B— C 1 OB 


-171.6(3) 


01A- 


-C9A— CI OA— C11A 


4.6 (5) 




0 1 B— C9B— C 1 OB— C 1 1 B 


1.2 (5) 


C8A- 


-C9A— CI OA— C11A 


-174.4 (3) 




C8B— C9B— C 1 OB— C 1 1 B 


-178.8 (3) 


C9A- 


-C10A— C11A— C12A 


176.3 (3) 




C9B— C 1 OB— C 1 1 B— C 12B 


-176.1 (3) 


C10A- 


-C 1 1 A— C 1 2 A— C 1 7 A 


-0.9 (6) 




C 1 OB— C 1 1 B— C 1 2B— C 1 3B 


179.6 (3) 


C10A- 


-C11A— C12A— C13A 


-179.8 (3) 




C 1 OB— C 1 1 B— C 1 2B— C 1 7B 


0.0(5) 


C17A- 


-C12A— C13A— C14A 


0.8 (5) 




C 1 7B— C 1 2B— C 1 3B— C 1 4B 


0.7 (4) 


C11A- 


-CI 2 A— C13A— C14A 


179.8 (3) 




C 1 1 B— C 1 2B— C 1 3B— C 1 4B 


-179.0(3) 


C12A- 


-CI 3 A— C14A— C15A 


1.1 (6) 




C12B— C13B— C14B— C15B 


1.0 (4) 


C13A- 


— C 1 4A — C 1 5 A — N2 A 


177.3 (4) 




C22B— N2B— C 1 5B— C 1 6B 


171.2 (3) 


C 1 3 A— C 1 4A— C 1 5 A— C 1 6A 


-2.5 (5) 




C24B— N2B— C 1 5B— C 1 6B 


-13.0(5) 


C24A- 


-N2A— C15A— C14A 


-170.5 (4) 




C22B— N2B— C 1 5B— C 1 4B 


-5.9 (5) 


C22A- 


-N2A— C15A— C14A 


-3.1 (7) 




C24B— N2B— C 1 5B— C 14B 


169.9 (3) 


C24A- 


-N2A— C15A— C16A 


9.2 (7) 




C 1 3B— C 14B— C 1 5B — N2B 


175.0 (3) 


C22A- 


-N2A— C15A— C16A 


176.6 (5) 




C 1 3 B— C 1 4B— C 1 5B— C 1 6B 


-2.2 (4) 


C14A- 


-CI 5 A— C16A— C17A 


2.3 (6) 




N2B— C 1 5B— C 1 6B— C 1 7B 


-175.6 (3) 


N2A- 


-CI 5 A— C16A— C17A 


-177.5 (4) 




C 14B— C 1 5B— C 1 6B— C 1 7B 


1.7 (4) 


C BA- 


-CI 2 A— C17A— C16A 


-1.0 (5) 




C 1 5B— C 1 6B— C 1 7B— C 1 2B 


-0.1 (5) 


CH A- 


-CI 2 A— C17A— C16A 


179.9 (3) 




C 1 3B— C 1 2B— C 1 7B— C 1 6B 


-1.2 (4) 


C15A- 


-CI 6 A— C17A— C12A 


-0.5 (6) 




C 1 1 B— C 1 2B— C 1 7B— C 1 6B 


178.4 (3) 


C3A- 


-N 1 A — C 1 8 A — C 1 9 A 


104.1 (5) 




C3 B— N 1 B— C 1 8B— C 1 9B 


96.1 (4) 


C20A- 


— N1A — C18A — C19A 


-95.1 (5) 




C20B— N 1 B— C 1 8B— C 1 9B 


-97.5 (4) 


C3A- 


-N1A— C20A— C21A 


79.5 (5) 




C3 B— N 1 B— C20B— C2 1 B 


79.9 (4) 


C18A- 


-N1A— C20A— C21A 


-81.4 (5) 




C 1 8B— N 1 B— C20B— C2 1 B 


-86.1 (4) 


C15A- 


-N2A— C22A— C23A 


106.8 (6) 




C15B— N2B— C22B— C23B 


90.3 (4) 


C24A- 


-N2A— C22A— C23A 


-85.0(6) 




C24B— N2B— C22B— C23B 


-85.8 (4) 


C15A- 


-N2A— C24A— C25A 


75.1 (6) 




C 1 5B— N2B— C24B— C25B 


97.6 (5) 


C22A- 


-N2A— C24A— C25A 


-93.4 (5) 




C22B— N2B— C24B— C25B 


—so. 5 (3) 


Hydrogen-bond geometry (A, °) 










Cg3 and Cg4 are the centroids of the C1B-C6B and C12B-C17B rings, respectively. 




D — H- 


■A 




D — H 


R-A D-A 


D—U-A 


C8S- 


mBA-OW 




0.93 


2.59 3.479 (4) 


160 


C\6A- 


-R16A-Cg3 11 




0.93 


2.91 3.758 (4) 


152 


C2L4- 


-W.1A-Cg4 m 




0.96 


2.79 3.541 (5) 


136 



Symmetry codes: (i) x, -y+l/2, z-1/2; (ii) -x+l,y+V2, -z+5/2; (hi) x+\,y+l, z. 
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